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DECOMPOSITION OF PINUS RADIATA LITTER 
ON THE FOREST FLOOR 


Part 1. CHANGES IN DRY MATTER AND 
NUTRIENT CONTENT 


By G. M. WILL, Forest Research Institute, Rotorua 


(Received for publication 24 July 1967) 


Summary 


Samples of freshly fallen needle litter in 1 mm mesh nylon bags were placed under 
a 33 year old Pinus radiata stand; changes in the dry matter and nutrient contents 
were followed by'removing bags for analysis at intervals through a six-year period. 
The forest was located on Kaingaroa silty sand, a soil foamed from volcanic ash. 
Dry matter content decreased steadily for the first three years—litter weight was 
reduced to half in two years—thereafter the nylon bags appeared to severely restrict 
decomposition, probably by excluding earthworms and other fauna of a similar size 
normally active in the litter layer. The later stages of normal decomposition seemed 
to be almost entirely dependent on ingestion by these organisms. 

P, K, Ca, and Mg but not N were substantially depleted during the six years. While 
Ca was only slowly removed, P and K showed sharp initial drops (80% of the K 
disappeared in the first three months). The amount of Mg increased above the initial 
level during the first year and N during the second year but the source of these added 
nutrients and the means by which they were retained are not certain. 

At the termination of the experiment chemical analysis of the litter surrounding the 
bags showed that its composition was essentially similar to that of the litter in the 
bags. This indicates that while physical breakdown was restricted in the bags the 
chemical changes observed in this study mirrored natural events. 


INTRODUCTION 


This paper gives the results of a study of the release of nutrients from 
Pinus radiata needle litter on the forest floor. Conifer forests are often 
planted on soils of low fertility and because of this the trees may soon 
become dependent on the cycling of nutrients to maintain initial growth 
rates. The interruption of the nutrient cycle back to the soil by either 
the removal of litter or slow decomposition can considerably reduce 
tree growth (Lutz and Chandler, 1946). The release of nutrients from 
decomposing litter is therefore of importance in the nutrition of forest 
stands and has become the subject of both laboratory and field studies 
in recent years. Nykvist (1959) carried out laboratory leaching and 
decomposition studies with the litter of at least five tree species including 
Pinus sylvestris. Daubenmire and Prusso (1963), in a laboratory study, 
measured the litter decomposition rates for 11 species of conifers at 
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both 10°c and 25°c; they found decomposition was faster for three 
species of Pinus at the higher temperature but for some other conifers, 
including Douglas fir, the reverse was true. Field studies have shown 
that, because of their relative effects on temperature, altitude and 
latitude both affect rates of decomposition (Mikola, 1960; Shanks and 
Olson, 1961). These findings emphasise the fact that studies carried out 
under artificial conditions can give misleading results. 

Changes in the weight and composition of a particular sample of 
litter can be easily studied in the laboratory but the isolation of a par- 
ticular sample in the field presents problems. Any artificial container 
separating the sample being studied from the litter environment can, 
if made of netting that is too fine, prevent the passage of some soil 
animals or, if too coarse, allow losses when removing it for examination. 
Nylon fabric bags of various meshes have been used in a number of 
studies. Where soil humus is of a mull type, decomposition within a 
nylon mesh bag can be restricted by the exclusion of earthworms, milli- 
pedes and similar sized fauna but on moder and mor humus types these 
animals are less numerous, so decomposition within a bag should be 
more comparable to that in the outside environment (Witkamp and 
Olsen, 1963). Bocock (1964) used bags with a mesh large enough to 
permit the entry of the larger litter fauna and found greater losses in 
dry matter on mull humus compared with the same material placed on 
a moder site. Edwards and Heath.(1963) used nylon mesh bags with 
progressively smaller openings and were able to show that by excluding 
the larger organisms the rate of disappearance of litter was substantially 
reduced. 

Some workers (e.g., Burgess 1956, Kucera 1959), have shown that 
whereas K levels drop sharply in the first months and then become 
relatively stable, the contents of other nutrients decrease at slower rates 
and take longer to stabilise. In several studies the concentration and 
absolute amount of a nutrient have risen above the initial level. Burgess 
(1956) reported an accumulation of Mg in Casuarina litter in the second 
year and Mikola (1955), Gilbert and Bocock (1960) and Bocock (1963, 
1964) reported increases in total N. Gilbert and Bocock considered 
possible imports in nematodes, larger fauna and excreta and fixation 
but concluded that these sources could not explain a 60% rise in N in 
the first 10 months. Later work by Bocock showed that the extra N 
under oak comes mainly from the tree canopy (in rainwater and insect 
frass) and atmospheric precipitation. 

In New Zealand, plantations of Pinus radiata have a high level of 
dry matter production (Will, 1964) and in adult stands the average 
quantity of annual litter-fall from needles is about 5,000 Ib per acre. 
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When total litter-fall during the life of a crop is added to the weight of 
slash from thinning, pruning and clear felling, the total dry matter 
returned to the soil surface is considerable and approximately the same 
as that removed in logs (Will, 1959; Orman and Will, 1960). 


METHODS 


Large areas of exotic forest have been planted on the pumice soils of 
volcanic origin in New Zealand. The soil type on which the present 
investigation was carried out is Kaingaroa silty sand (Vucetich et al., 
1960). 

In June 1960 a quantity of freshly fallen P. radiata needle litter was 
collected in Compartment 44, Kaingaroa Forest. The litter was air dried 
and thoroughly mixed. Fifty-one samples, each consisting of 50g of 
material, were placed in separate bags made of nylon mesh, the holes 
in which did not exceed 1-0 mm. Initially they were placed on the ground 
surface in Compartment 44, but within a few months when it was found 
that the compartment was about to be felled, the bags were transferred 
to a nearby compartment of the same species and age—Compt 82 (Fig. 1). 


: c med 


— General view of Pinus radiata stand, Compt 82, Kaingaroa Forest. 
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The 51 bags were distributed within a distance of less than 100 yards, in 
three groups of 17, each group occupying an area of approximately 
10 sq. yd. (Fig. 2). The stand in Compt 82 was drill sown in 1927 and 
received no silvicultural treatment. Natural mortality and deaths from 
attacks by the Sirex wood wasp (particularly in the late 1940s) had 
reduced the stocking to about 90 stems per acre with a mean D.B.H. of 
23 in. and a mean height of 150 ft. The total timber volume was approxi- 
mately 12,000 cu. ft per acre. There were some small variations in canopy 
density so the three groups of litter bags were placed to cover most of 
the range. 


į 


Fic 2—Litter bags Compt 82, Kaingaroa Forest, April 1961—10 months after placing 
on forest floor. Note needles and branch litter starting to cover bags. 


For the first three years one bag was lifted from each group approxi- 
mately every three months (i.e., September, December, March and June). 
Thereafter the interval was extended to six months with a final period 
of 15 months. For the first 2-3 years parts of each bag remained visible 
and bags could easily be located and selected for removal. To find bags 
for the later collections it was necessary to disturb and search through 
the litter (Fig. 3). 
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Fic. 3—Litter bag, Compt 82, Kaingaroa Forest, June 1965— 5 years after placing on, 
forest floor. > 


After lifting, the nylon mesh bags were placed in paper or plastic bags 
and the fauna extracted on receipt in the laboratory (Styles, 1967). The 
litter samples were then oven dried, weighed and analysed. 


RESULTS AND DISCUSSION 


Dry weight and chemical content figures for each collection over the 
6ł-year period are given in Table 1. Average figures for the three collection 
areas are given because differences between samples collected at the same 
time were small. 

The changes that occurred in the concentrations and absolute amounts 
of nutrients and dry matter in the first five years are shown graphically. 


Dry Matter 


Figure 4 shows that the dry weight of litter within sample bags de- 
creased steadily for the first three years but thereafter remained relatively 
constant. This abrupt flattening of the graph during the second three 
years suggests that some factor was seriously restricting the normal 
decomposition processes. Earthworms were not numerous but they were 


TABLE 1—Dry Weights and Nutrient Content of Litter in Decomposition Bags 


Collection Duration of Dry N E Ca Mg 
Date Decomposition Weight 

(yr) (g) % g 26 g % g % g % g 
June 1960 0 43-5 +56 -24 :09 +038 -66 :29 44 19 *13 *057 
September 1960 1 38-7 “61 +24 +05 -919 13 05 48 “19 “16 :062 
December 1960 i 38:1 “66 “28 “04 “O15 “09 -035 “S51 19 -24 091 
March 1961 ł - 67 - +05 ~ “10 — +56 - :25 - 
June 1961 1 29.4 -80 :24 :05 *015 “10 029 $2 15 “15 044 
September 1961 1} 25.8 -83 :23 “05 O15 dM -027 “51 *13. “12 031 
December 1961 14 26-3 1-50 40 -08 -021 “10 +026 :52 “14 “19 -050 
March 1962 1ł 27-0 1-21 -33 -05 014 “ll -029 -60 “16 -07 -019 
June 1962 2 21:5 1:33 :29 -06 -013 “09 +020 “49 “ll -06 013 
September 1962 2} 20-3 b * * v * on x 2 Y 
December 1962 23 17-0 1-00 17 -06 010 -05 -009 32 05 “05 -008 
March 1963 21 173 1:03 18 :08 013 *05 -009 30 *05 -05 -008 
June 1963 3 13:4 1-08 15 07 009 “ll “014 - - = = 
December 1963 34 16-0 1:04 17 -06 010 -07 -011 30 -05 -06 010 
June 1964 4 14-0 — 1-28 18 :07 010 07 -010 E -05 -07 -010 
December 1964 4l 15-0 124 19 -07 010 +06 -009 +36 05 -06 009 
June 1965 5 15-7 1-24 19 -07 on +03 *005 :22 :03 *06 *009 
September 1966 6} - 1:09 - :03 - -04 -— -30 - :05 - 


*September 1962 samples were lost in a fire. 
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Fic. 4— Loss of dry matter from litter decomposition bags - 


present in the top of the mineral soil and in the zone of decomposing 
litter immediately above it. Along with other soil fauna of a similar 
size they were prevented from entering the study samples sandwiched 
within the two layers of nylon mesh. After five or six years the litter 
in the bags consisted of a mat of distinct pine needles. Thus it was easily 
distinguishable from the surrounding litter which was largely amorphous 
with only fragments of individual needles recognisable (Fig. 5). When 
the 6}-year samples were lifted there was very little litter left between 
the bags and the mineral soil; what little remained consisted almost 
entirely of frass from soil fauna. This faecal material was found mostly 
in small channels formed by animals between.the mineral soil and the 
litter bags. This strongly suggests that normal decomposition of litter in 
the bags was prevented by the exclusion of the macrofauna. 

Mikola (1955, 1960) reported that, while there were differences between 
sites, dry matter losses in P. sylvestris litter in Finland were about 50% 
in the first two years. The raté of decomposition of P. radiata litter in 
New Zealand is substantially the same even though the mean annual 
temperature is higher. Mikola also found a definite reduction in the rate 
of dry matter loss in the third year in his litter which was confined 
between layers of glass wool; this parallels the suppression of break- 
down in mesh bags in New Zealand. 


Nitrogen 


Figure 6 shows that the total amount of N in the bags remained 
relatively constant over the first 15 months. This was followed by an 
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Fic. 5— Litter samples from under stand of P. radiata. 
Right: six years after placement on forest floor in nylon mesh bag. 
Left: unconfined litter of similar age showing physical breakdown by soil fauna. 
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Fic. 6—Changes in concentration and total amount of nitrogen in litter bags 
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abrupt rise in both concentration and total amount; 18 months after the 
experiment began the total N content had risen to 167% of that present 
at the start. In other studies (Mikola, 1955; Gilbert and Bocock, 1960; 
Jaro, 1963; Bocock, 1964) increases in N content of up to 60% were 
recorded in the first year of decomposition. Why the increase should 
occur in the second year in this study of P. radiata in New Zealand is 
not known. The overall rate of litter decomposition is slower than for 
the broadleaf species studied by Gilbert and Bocock but similar to that 
for P. sylvestris in Finland (as reported by Mikola) where the increase 
occurred in the first year. Bocock (1963) found that, in the litter under 
sessile oak, increases in the amount of N in the litter were mainly due 
to additions to the site in rain and the activities of leaf-chewing insects 
in the tree canopy. How much N came from these sources in this present 
study is not known; neither are there any data available on possible 
imports in soil fauna or on N fixation. 


Phosphorus 


After a drop in both concentration and total amount within the first 
three months (Fig. 7), levels steadied rapidly and later changes were 
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Fic. 7— Changes in concentration and total amount of phosphorus in litter bags 


small. The initial loss cannot be due to decomposition per se, for it had 
hardly begun within the first three months. Phosphorus is washed from 
tree foliage (Will, 1959) and it would seem that this process continues 
in fresh litter. 

Coinciding with the increase in N between the 1]- and 14-year samples, 
there was also a rise in P levels. As there was also a slowing down of 
the rate of dry matter loss or even an increase about this time, an import 
in microfauna or excreta seems feasible but this has not been looked 
into further. 
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Potassium 


Greater quantities of K reach the forest floor in rainwater than in 
litter under P. radiata in New Zealand (Will, 1959) and the data in 
Table | and Fig. 8 show that the removal continues after foliage is 
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Fic. 8—Changes in concentration and total amount of potassium in litter bags 


deposited as litter, probably accelerated by the action of mites and other 
litter fauna (see Crossley and Witkamp, 1964). Less than 20% of the K 
remained after three months; thereafter there was a slow but steady 
decline. This pattern is similar to that reported for deciduous litter where 
K losses are rapid for the first month but stabilise after 4 months (Kucera, 
1959). The higher figures for the sample collected after 3 years are not 
easily explained. One suggestion is that an increase in base exchange 
capacity following partial decomposition allowed the litter to retain 
some of the K released by and leaching through from the seasonal peak 
of litter fall in the autumn. However, if this were so a similar rise should 
have occurred in the samples taken after four years. It did not. 


Magnesium 


The quantity of this nutrient in the litter (Table 1 and Fig. 9) showed 
more fluctuations than those of other nutrients. The increase of 50% in 
Mg content in the first nine months is both unexpected and unexplained. 
The only other reported increase in Mg is in Casuarina where the rise 
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Fic. 9—Changes in concentration and total amount of magnesium in litter bags 


to a higher than original level occurred in the second year (Burgess, 1956). 
The second upward trend that occurred in the middle of the second 
year was undoubtedly associated with the rises in N and P discusse 
above. : 


Calcium 


Burgess (1956) found that in Casuarina litter K was the cation lost 
most readily and Ca was lost most slowly. A similar pattern was found 
in the present study. Ca losses (Fig. 10) were at a rate closer to those 
in dry matter than other nutrients. i 


Composition of Litter Above and Below Bags 


When the last bags were lifted after 6} years, samples of the litter 
immediately above and below the bags were taken for chemical analysis. 
While this litter had been physically broken down to a much greater 
degree (Fig. 5) the figures in Table 2 show that its chemical composition 
was very similar to that of the litter within the bags. This suggests that 
this study provided a true picture of the chemical changes that occur in 
decomposing litter but failed to evaluate the major physical breakdown 
and movement of litter which would have resulted from the action of 
that part of the soil fauna which was unable to enter the | mm mesh bags. 
These soil animals in passing the litter through their gut, move it within 
the litter layer and almost certainly to some extent transport material 


Taste 2— Comparison of Chemical Composition of Litter from Within and Outside Nylon Mesh Bags 


(3 collection sites) 


Percent O.D. Weight 
N P 


A 
g 


Mg 


Above bag 1:01, 1-08, 1:15 *032, -032, +037 *04, -04, -04 :21, +38, +35 +04, -06, -+05 
Within bag 0-99, 1-07, 1:20 *032, +032, -032 “04, -04, -04 +26, +38, +26 *05, +06, -05 
Below bag 1-12, 1-10, 1:25 $37, Sa :037 "(04 t 4 HS =, Ba 04 *, -06 


*Insufficient sample for full analysis. 
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Fic, 10— Changes in concentration and total amount of calcium in litter bags 


below the surface of the mineral soil. It is also possible that the fauna 
further facilitate the downward movement of organic matter by in- 
creasing the colloidal content. After the first three years of this stüdy 
the organisms living in the litter in the bags were apparently unable to 
promote further dry matter losses either by oxidation or by the pro- 
duction of colloidal sized particles which could be moved down into the 
soil by rain. 


CONCLUSIONS 


1. Nylon mesh bags, containing freshly fallen litter placed on the 
surface of the forest floor and exposed to the forest environment became 
buried by natural litterfall. This ensured that conditions were as near 
natural as possible and results should be more reliable than those obtained 
in laboratory studies or even studies such as those by Mikola (1955, 1960) 
where freshly fallen litter was collected, placed between layers of glass 
wool and then inserted under the surface of the natural litter. 


2. It seems certain that in the last three years of this six-year study the 
results did not reflect the natural sequence of dry matter loss and physical 
breakdown. After about three years dry matter losses virtually ceased 
and from then on it was apparent that the litter in the bags was less 
fragmented than that in the immediate surroundings. Undoubtedly, the 
1 mm mesh of the bags precluded the entry of the larger soil animals and 
it is probable that this hampered the normal decomposition processes. It 
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does appear that prior to this stage of breakdown the chemical com- 
position of the litter in the bags had reached equilibrium. Therefore the 
only changes that were prevented were further fragmentation and trans- 
portation by the macrofauna. 

3. For the first three years the dry matter content of the decomposing 
litter decreased steadily; after two years 50% of the original weight had 
been lost. A generally similar rate of loss was found for Ca but P and K 
showed high initial losses (in the first three months, 80% of the K was 
lost). N followed a different pattern. Not only was there little or no loss 
from the litter until the third year but increased quantities were found 
in the second year. The amount of Mg also increased to above that 
present initially. 

4. Increases in the quantities of nutrients present were as follows: 
The Mg content of the litter increased by 607; during the first six months 
before dropping below the starting value at the end of the first year. In 
the middle of the second year the N content rose sharply to reach 167% 
of that present at the beginning of the study. Mg, Ca and P contents also 
showed lesser increases at this stage of decomposition. As yet no full 
explanation has been found for these increases and more detailed studies 
are needed to disclose the source of the additional N in particular. Import 
by small litter fauna, possible fixation of N by organisms in the litter 
and import in rainwater and frass from insects in the tree canopy should 
be investigated. 
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